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HIGH TEMPERATURE HEAT TREATMENT OF ~~Hz NIOBIUM CAVITIES’

W. Diete**, B. Rusnak, B. L. Bennett. W. L. Clark. R. G. Mqgs, A. H. Shapiro, P. V. Wright
Los Alamos National Laboratory, Los Alamos. NM 87545

Abstract

We ~pplkd high temperature heat treatment to 3GHz
cavities k) determine the preparation of niobium cavities
using the titanium solid-state gettering process. Some
preiiminiu~ results showed peak surface electric fields of up
to 65MV/m at a Q-factor of 2X1010,” We evaluated

improvement in the purity of the niobium by mwwring the
residual resistance ratio (RRR) ar 10K. The purest niobium
we prepared reached a RRR of 67[). To study the potential
ilppli CatiOn to large-scale accelerator structures at lower
frequencies, wc are testing tt,e possibility of heat treating the

cavity half-cells before welding them. Therefore. we
investigated the influence of electron beam welding on the
RRR of high-rwrty niobium. In this paper we present the
results of the iri instigations,

Introduction

Single cell. 3GHz cavities arc being used to investigate
various [cchniques for preparing superconducting niobium
accelerator structures. The performance of niobium cavities is
m.aml~ limited by field emission [ 11. As the final step prior
to cawty testing. two techniques are used h ail Iahwatories:
I ) A prepiwitiotl by a heat trcdment ni?ovc T= 12(M)”C or. 2) ii
chCmiCili preparation with u final ultrapure witter rin.seo

It ha~ been found that the high temperature heat treatment
reduces the field emission and improves the performance of’
the cavities 121. Hear treatmcnr of niobium above T= 12(N)”C
must k done by using (he [itimium solid-state gettering [3 I
in order to iiv(~id the contaminittion of niobium hy the
rcsiduai giuses of the furnace, This process is also used for the
p(~st-puriticiition (d’ niobium structures, A reduction of’ the
interstitial impurities results in it higher thermal conductivity
()( the Inittcrid which rtduccs the ptwb;tbility of Ciivity

qucnchcs.

At LtN Ali\tnt~s the chem iCid preparation hxhniquc wi~
suiccssful]y tnodific~l, In itddiiion to tilt nonnai polishing hy

IXP( 1:1: t ) the citvitics m pre~i~t(d for fifwcn rninutcs in
nitrh’ ik’id [4].

“ITIs paper c(mpams the heat UMrrwrtt with the improved
c’hemlcal prcparati(m teclhniquc. WC! itfs(~ prcpard sarnplcs tt~
~vidl];lt~ the pcrftmrtancc of titanium heat ~iittn~nt in {)ur
t“umac$c A first rcsull (~f i~cavity hilt t~ut of hcitt trcatwf
h:dl -~clls is prcscntr~] in the Iii.\t section (If this paper,

ltxperin~ental Techniques

interstitial impurities in niobium, the v;ipor pressure ot
tmu~ium. and the maximum obtainable temperature t>t ~mr
furnace. At T= 1375°C the pressure in the cold zone was
,approximately !* 10-6 Torr. Heater elements and h~iit shields
are built out of molybdenum sheet. The fumii~~ is s~iiltd

with elastomer and pumped with a cryo pump.
To do the single-sided titanium heat treatment (SST) [5 I

the entire cavity wiM placed vertical] y in a niobium box: the
inner surface of the box was covered with titimiu]:’ sheet.
Niobium caps were placed over the flanges of the CaSIitV to
avoi~ titanium contamination of the inner ~iivi[y surta~’c.
Before the SST the cavity was chemictidy prcpamd with the
standard procedure ( 15min HN03 soak and 2nlin BC’P( 1: I: 1)

polishing). After the heat treatment the ~iivity was Iirst
rinsed with clean met!wrtol before it was membled in the
clean room (class 10).

The double-sided titanium heat treatment (DST) of hall-
ce!Is wa$ done by placing th~ half-cell i with some iitktitional
marrium sheets in the Nb-h~x so that both sides were cmitcd
with titanium during the heat treatment,

1”: heat treated niobium samples in the same wav as the
u:.), o. , so that wc COUM evrthuite the process of nwhiurn
pm ication in our furnace. Simulation of DST Witidon: hy
plaf mg a sample, surrounded by a titanium strip. in lhc
nio{ ium box, To simulate single-sided titimium Iwat
treatment (SST) wc pL~ced the samples in the f(irnil~~so tbi~[
only one side w,as coated with titanium. The othur side Wiis
either exposed to oven vacuurti (SSTOV) or 10 the insik ot
the cavity (SSTCV).

Tbc RRR is detined &s the ratio hctwwt the nonniil
conductir~g rcsistivity i]t T=300K iirtd iit T=4,2K. WC
measured the resistance of the samples just iihlv~ the
superconducting transition temperature, clitninittcs the m!cd
for a magnet to quench the supcrcondtictivity, Thu
mcirsurcmcttt wi~s dorm in il Helium-Flow-Cryostat, The
vaitrc for the RRR wius cxtmpolatcd using the rnci~.tmnwnt
i~d tll from Wcbh on il niobium sample of RRR= 16!300”
[61, The crr(~ {JI the RRR tncmmmcnt wi~< ‘ 5’%.

For the RRR mc:wurement, wc UUI a piccc ‘;lkll[ ().().lin,
x (),(Kx3in. x (), XSin) from the center of the original snmplc,
Ttrt! ckrrica] connection W:LSdone by spot welding sln:dl
PliltiPUln winx t)ll tllC siUllplC,
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~h~mi~id analysis’ J of the C. N and O content of these
s.a,rnples showed M mcrea.se m the C’ ~on[enl from 7~3 to
16t3 wt.-pptn because of the SST, There WM no change in

[he O imd N content. A residual gas analysis of the furnace
vticuurn indicated u raised peak at m~ss 28 caused hy carbon
inon(mid and nitrogt~n. The mean diffusion length of c;irtmn
in niobium for our ptiarne[ers (8 hours at T=1375*C) is
().055 in. ( 1.4mm) [7]. The presence of carbon rnonoxid can

expLtin the decrwse t~t the RRR. Tine carbon monoxid in the
furnace may havt) been caused by [he degasing of’ the
molybdenum shields and heater elements [8] and the
decomposition of the Buna CMingsi9], in use at this time.

For the next sample treatment some chamges were made:
Increased pumping was achieved by covering the entire inner
surface of the Nb-box with a titanium sheet. Titanium has a
good gcttering ability for C02, CO, O and N at these

temperatures { 101, We dsn replaced the Buna O-rings by
Viton O-rinps, The;’- chwrges res’dted in a reduction of the
peak iltmass M by more than 3 factor of IWO.

After these modifications we improved the RRR of the
niobium. In addition {o investigating ;hc performance of
SST iind DST we afso 1,/vestigated the influence of the
satnpi.? thicklt M and the tiuration of th~ DST. The results of
tksc invcsugations are shown in Tab!c 1,

Tabel 1:
RRR Results of heat treated samples

sample # thickness heat treatment RRR

-
la ~ __ _-

ftr ~ 12h DST 5(M

k ().()3 (().8) lllhfXT 510

[la O,(JSS hhi?!j; 450

IIh 0JM3JMJ y~ h D- 501.—.
I[d ().()63 ( I .6) 18 h DST ~

Ills 6 h DST X)4

Il!ll M.W 12hi)ST 292
m’ (),12s(;3.2) lSh DST ~,
A (),02 (0, s) /ih DST 67!

F
B (),()fl.1 ( 1.6J_ /lh SST OV 1:>2

r (),(M3 (1.()) /(h SST (>V 2T

D (),()63 (~ Xh SST CV ~7~
.—— ......

E [ (),()63 (1,6) tlh SST CV “-214

The SSTOV did not improve [he RRR but compared WIII1
the results of the initial test, sample #El Md #C dernons[ra[c
[he irnprovt!ment of the vacuum. On sarnplc #C ;~nlf #D

(S STOV) the increase of the RRR from 230 to 275 indlcatcs
that [hc vii~uun~ in the ~iivi[y was better [ban the lurnacc
ViLCUUfll,

From thmc results we SIX that only the DST purilks ih~
niobium. With SST the RRR c,arr only he improvetf slightly.
A further test t~f the time dependc.we of the SSTCV w(wIU be
interesting.

Welding Samples

Inv+tigations of the RRR of the WLM were made (m l’(wr

samples (#W I-W4). For samples #W3 and #W4 wc changed
tie parameters of the electron beam welding:

p :;;::;(,*#w.3.#w4

< 5*lo-~ torr
cod down time
heforc let up: 7 min 15 min

iet up with latr argon

Sample pair #W4 was nST prior to ih~ welding w ,Iich
improved the RRR from 230 to 386, The RRR of thcst’

samples which were cut out of the center of the weld is:
#wl: RRR = 136
#w2: RRR = 142
MW3: RRR= 153

W4; RRR = 140
In ii chctllicaf analysis of the welding .wuT@s, WLI L>tmld

not detect any diffrmmx in the Ciuh)tl :ind nitrogen cwnkml,
For the oxygen content wc meawed:

Un’ma(cd Mmpk!: I M3 wt.-ppm

d’tcr DST: IM.? wt,-ppm
itih!r welding: 23*3 wl,-ppm

Thc,sc results tjcmonstrate that oxygen is Ihe r~l~viit]t
impurity in our ww, AS ~xpt~ttd wc iwe i~hl~ t{) remove
some oxygen during the puriflcati(m prowss, But during the
electron hCiUtl welding mwn more oxygcrr diffuses in the weld
rqion.

The dccrctvw {)1 tht RRR in Ihc welded rvgion indi~ilt~:~
that the butt-trctwd hidt’ CCIIS are not suitahlc tor huiiding

;uxulcrator structures, Further illvestigi}tions to improve !hc
welding pl(NL!S$ Ut rcquimd. Thereforv ii residunf ~il.. iUlidV\i\
{d’ [hc weld chntrther and the usc of” iitloth~rpumping WVstcn)

(i~t the m(mwnt: oil diffusion pump) would he the firsl itcnls
10 in VCSti~iW,
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After SST, cavity #10 did not show unv !ield emission tit
idl. The Q VS. I&d CUtV~ sh~wd a constant Q of 2* 10]() Up

[o ~c~k=6SMV/m (Hn\aX =7(jmT). We could r,.t~r(>dllce [his

behavior after m additional SST using only a nill IC i~id soak
(no P(Y) piior to repeating the SST. In this second test, the
c;ivity had ir lower Q (Q=5* 109) because of titanium
c(~tl[iiminiit~ort in the ~itvit~ resulting from diftlculties while
:iswmhling tti~ cavity in the furnace. With cavity #9 we s[ill
h:!d ilchl tmission after the SS’r which limited the field iit
~l,tJk=71 MV/rn. With id] three heitt trt!iit~d c;ivitics we

i~[i~hd high ~lelds, i]t the upper part of the distribution for
[hc chcmicidly treiited ~iivitics (SW tlg 2).

12
T II nllrlc+RCP

,E+)~G+r+n-td
() 20 40 60 X() 100”

pmk clectrw t’wld [MV/m ]

Fi,qure ~: Q{ E,,t,ti J (’un’e for c’fJk’fly h’i(h i).s~’ ( III hd[f” (“c//s

In the first power run the c:tvity went up tt)
EPak=57MV/m. Atkr rf processing. ir, which wc pIIl uhoul

70W in the cavity for {en minutes, the next power run
ruhcd ~=X5MV/m.

As a result of this encouraging measurement wc will wy
to investigate [he efficiency of rf prwxssing on ~itviti~s with
ii higher thermid conductivity.

Summary

Heat ~eittd niobium siunpl~s show, thut with - 1()-6 ‘rtm
va~’uurn arMJ ii high pi~iid pressure ot CO ;ud N in our
tumii~~. wc ~im purify ni~~hium only hy it douhh’-sidcd

[ititniutrr heat trciitmcnl. Rcsldts from shrghxskled titiinium
h~iit treiitd cavities i~~hi~vtd high gridicnts even id’t~r ii
reduction ot’ the R.RR during the process, This h}dkilt~s[hiii
t’urthcr improvements hy heat treating the ~iivit ics A’tcr the

ch~micitl tr~iitm~nt ~im be obtained compared tt~the impnwcd
chemical pr~pi~ttit~n. The Ilrst ~iivity, whew only lhc h:df -
CCIIS were heiit tr~iltd, ii~hi~vd im clcctricul ~~ilk fkld 01
H5MV/m,
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